We performed an in-depth exploration of the Al-Mg system for presolar graphite, SiC, and Si 3 N 4 grains found to contain large excesses of 26 ratios that, on average, are ∼1.5-2 times larger than the ratios previously reported for the grains. The majority of presolar graphite and SiC grains are heavily affected by Al contamination, resulting in large negative Mg Mg 26 24 d intercepts of the isochron lines. Al contamination is potentially due to etching of the grains' surfaces and subsequent capture of dissolved Al during the acid dissolution of their meteorite host rocks. From the isochron fits, the magnitude of Al contamination was quantified for each grain. The amount of Al contamination on each grain was found to be random and independent of grain size, following a uniform distribution with an upper bound at 59% contamination. The Al contamination causes conventional whole-grain estimates to underpredict the initial Al Al ratios greatly exceed those predicted in the He/C and He/N zones of SN models.
INTRODUCTION
Radioisotopes, i.e., unstable isotopes that decay into stable ones, have played an important role in astrophysics, cosmochemistry, and geochemistry (Diehl 2011) . The initial presence of short-and long-lived radioisotopes has been detected through the presence of their daughter isotopes in presolar stardust grains and various Solar System (SS) objects, e.g., chondrules and Ca-Al-rich inclusions (CAIs). They have provided evidence for stellar nucleosynthesis and have served as chronometers for dating of cosmochemical, geological, archaeological, and biological objects.
Until the beginning of the 1950s the production site of the elements heavier than and including carbon was controversial, with the Big Bang (Alpher & Herman 1950) and stellar nucleosynthesis (Hoyle 1946 (Hoyle , 1954 being two contending hypotheses. The observation of Tc, an element without any stable isotopes, in the atmosphere of red giant branch (RGB) stars (Merrill 1952) gave unambiguous evidence for stellar nucleosynthesis. Among the Tc isotopes, 98 Tc has the longest half-life ( 4.2 10 1 2 6 t =´years). With such a lifetime, no Tc could have survived from the time of the Big Bang. As a consequence, Tc must have been produced by nuclear reactions (by neutron capture) within the stars. A few years later, stellar nucleosynthesis was put on a sound theoretical foundation by the work of Burbidge et al. (1957) and Cameron (1957) .
Evidence for continued nucleosynthesis in the Galaxy and in individual stellar sites has been obtained in the form of gammarays resulting from the decay of radioisotopes (e.g., Diehl et al. 2014 ). The first isotope from which gamma-rays were discovered and the best studied isotope is 26 Al with a halflife of 7.2 10 5 years (Diehl et al. 1993 (Diehl et al. , 2006 . It shows a broad distribution in the plane of the Galaxy, with core-collapse supernovae (SNe) and massive stars being the most likely sources. Another radioactivity for which a diffuse distribution in the Galaxy was found is 60 Fe ( 2.6 10 1 2 6 t =ý ears; Wang et al. 2007 ). In contrast, gamma-rays from several other radioisotopes were observed to be associated with individual SN events. Ti ( 60 1 2 t = years) power the light curves of core-collapse SNe (Leibundgut et al. 2003) . Gamma-rays from the decay of the first three of these isotopes have been discovered from SN1987A (Matz et al. 1988; Leising & Share 1990) . Recently, the decay of 56 Co has been detected in SN2014J (Diehl et al. 2015) . Gamma ray emission from the decay of 44 Ti has been found in the SN remnants Cassiopeia A (Vink et al. 2001; Renaud et al. 2006; Grefenstette et al. 2014 ) and SN1987A (Boggs et al. 2015) . Additionally, the distribution of 44 Ti in the SN remnants and its discrepancy with that of Fe has been taken as evidence for an asymmetric SN explosion (Grefenstette et al. 2014; Boggs et al. 2015) .
Radioisotopes have been extensively used for dating because the decay of a given radioactive nuclide provides a steady clock. The half-lives of the isotopes cover a large range, from 14 C ( 5700 1 2 t = years) for the dating of recent events, to isotopes such as 235 U ( 7.0 10 t =´years), and 87 Rb ( 4.88 10 1 2 10 t =ý ears) for dating of events as old as the SS (e.g., McSween & Huss 2010) . Whereas absolute ages can be obtained with longlived isotopes such as the three listed here, relative ages can be obtained from the decay products of so-called short-lived isotopes, i.e., isotopes that do not exist anymore, if they have been "live" at some point in the past.
The discovery of 26 Mg excesses in refractory CAIs from the carbonaceous chondrite Allende has provided incontrovertible evidence for the initial presence of 26 Al in the early SS (Lee et al. 1976) . Whereas the early Al-Mg studies were made by Thermal Ionization Mass Spectrometry, the ion microprobe (Secondary Ion Mass Spectrometry; SIMS) has added a tremendous amount of data and today thousands of such measurements have been reported on a wide variety of early SS objects (Davis & McKeegan 2014) . Since most CAIs have the "canonical"
Al Al 26 27 ratio of 5.2 10 5´- (Jacobsen et al. 2008) , the absolute age of CAIs obtained from U-Pb dating provides an anchor point for the determination of relative ages based on the Al-Mg system. After the discovery of 26 Al, evidence for the presence of a series of other shortlived isotopes in early SS materials has been found (Meyer & Zinner 2006; Huss et al. 2009 ). Whereas the abundances of some of these radioisotopes can be explained as being the steady-state abundances in the SS environment of the Galaxy, others, such as 26 Al, require a late injection into the Solar Nebula (Huss et al. 2009 ).
Presolar grains are condensates from the ejecta of late-age stars, including core-collapse SNe, RGB stars, asymptotic giant branch (AGB) stars, novae, and born-again AGB stars (post-AGB stars that experienced a very late thermal pulse; Herwig et al. 2011) . Presolar grains that survived the formation of the SS became entrained in asteroids and comets early in SS history. The grains were preserved in primitive (minimally altered) meteorites and cometary dust, from which they are isolated and studied in the laboratory. Isotopically anomalous Ne and Xe noble gases (Reynolds & Turner 1964; Black & Pepin 1969) were traced through successive acid dissolution steps of the meteorite host rock, resulting in the discovery of three refractory, carbonaceous presolar minerals: nanodiamond (Lewis et al. 1987) , SiC (Bernatowicz et al. 1987; Tang & Anders 1988) , and graphite (Amari et al. 1990 ). Other presolar grain phases were subsequently discovered through alternative chemical separations, in situ analyses of meteorite thin sections, and transmission electron microscopy (TEM); these include silicate , hibonite (CaAl 12 O 19 ; Choi et al. 1999) , corundum (Al 2 O 3 ; Hutcheon et al. 1994; Nittler et al. 1994) , spinel (MgAl 2 O 4 ; Nittler et al. 1994) , silicon nitride (Si 3 N 4 ; Nittler et al. 1995) , and carbide subgrains within presolar SiC and graphite grains (Bernatowicz et al. 1991) .
If one neglects the rather indirect evidence for 22 Na ( 2.6 1 2 t = years) from the Ne component Ne-E(L) in presolar graphite grains (Amari 2009 ), the first direct evidence for the initial presence of a radioisotope in presolar grains was obtained for 26 Al in SiC in the form of large 26 Mg excesses . Since then evidence for 26 Al was found in presolar graphite Jadhav et al. 2013; Amari et al. 2014) , corundum (Hutcheon et al. 1994; Nittler et al. 1994 Nittler et al. , 1997 , hibonite (Choi et al. 1999; Nittler et al. 2008) , spinel (Zinner et al. 2005) , and silicate (Nguyen & Zinner 2004) Al in this mineral is more tenuous. In addition to 26 Al, several other short-lived radioisotopes have been identified in presolar grains based on excesses in their daughter isotopes. Table 1 gives a list of these isotopes, their daughter products, half-lives, the presolar grain types in which they were first found, and their stellar sources.
SIMS measurements over time yield depth profiles of the analyzed isotopes and isotope ratios. constructed isochron-like correlation plots for the Al-Mg, Ca-K, and Ti-Ca systems from SIMS depth profiles of presolar graphite grains from the Orgueil (CI1 ratios in presolar grains are typically regarded as lower limits (e.g., Hoppe et al. 1995; Jadhav et al. 2013) due to uncertainties associated with contamination. We aim to quantify the amount of contamination present to further constrain inferred initial Al Al 26 27
ratios from presolar grains.
SAMPLES AND EXPERIMENTAL METHODS
Isochrons reported in this paper were derived from more than 450 depth profiles of samples whose data were published in previous studies, including presolar graphite grains from the Orgueil (CI1; Jadhav et al. 2006; Groopman et al. 2012; Jadhav et al. 2013; (Nittler et al. 2008) grains, whose major elements include Al, were also analyzed in this study (see Section 3.3).
Following , isochrons were generated by dividing NanoSIMS depth profiles (e.g., Figure 1(a) 26 Mg present in the sample. This assumption was used throughout the paper when determining the presence of Al contamination (see Section 3.2). If Al contamination is minimal and the isochrons ratio of the sample is that of the standard: ratio of the grain could be used, however the terrestrial ratio is conventional. Importantly, the ionization efficiency of each element measured in a SIMS instrument depends upon the elementʼs first ionization potential and the properties of the sample matrix. For instance, in Figure 1(a) , the 12 C + ion signal is smaller than the 27 Al + signal, despite the presolar graphite grain being composed overwhelmingly of C, and Al being only a minor element. Positive C ions are generated much less readily than positive Al ions, with the precise ratio modulated by the sample matrix, i.e., graphite. The 26 Mg * † / 27 Al † ratio must therefore be adjusted by a relative sensitivity factor, f, in order to recover each isotopeʼs atomic abundance within the grain: ratio. Al/Mg sensitivity factors are typically between 1.5 and 2 ). This approach cannot correct for matrix differences between the spinel standard and the SiC and graphite samples, however, there are currently no good matrixmatched standards for these presolar minerals and elements that are homogeneous at NanoSIMS-scale spatial resolutions. ratios (intercept). In this study the latter is assumed to be approximately that of the standard. For the correlation plots, the relative sensitivity factor is accounted for in the 27 Al/ 24
Mg axis values. 
RESULTS AND DISCUSSION

Mg-Al Isochrons
Ninety of the more than 450 presolar grain depth profiles processed in this study exhibited well-correlated Jadhav et al. 2006 Jadhav et al. , 2013 Zinner et al. 2014) . AB grains, with C C 12 13 ratios <10 are thought to form in J-stars or in born-again AGB stars (Amari et al. 2001a; Fujiya et al. 2013 ). Mainstream grains have isotopic signatures ratios from whole-grain measurements and from isochron slopes for presolar graphite and SiC grains. Mg sensitivity factor as this factor is incorporated into both whole-grain and isochron slope estimates.
consistent with an AGB star origin. AGB stars also produce 26 Al, though typically with lower Al Al 26 27 ratios than SNe. Y and Z grains are inferred to form in the outflows of low-tointermediate-mass AGB stars with low metallicities (Hoppe et al. 1997; Amari et al. 2001b) .
The distributions of initial 26 Al/ 27 Al ratios are similar for presolar graphite and SiC grains for values derived from either isochron slopes or from conventional whole-grain measurements (Figure 4) Al ratios derived from isochron slopes are larger than those derived from wholegrain measurements by an average factor of 1.46 ± 0.06 ( Figure 5) ratios by a factor of ∼1.5 on average when using conventional whole-grain methods (see next section).
These results only describe the sample of grains reported here with highly correlated ratios ( Figure 6 ), but whose correlation plots show large amounts of scatter. These grains cannot be described by the methods detailed in this paper and additionally make it difficult to generalize these results to all presolar grains with 26 Mg excesses.
Al Contamination
The majority of grains analyzed in this study containing correlated d values in their He/C and He/N zones, we may estimate a lower bound on the quantity of Al contamination in each measurement by solving for the (negative) horizontal shift required for the isochron to intercept the origin (Figure 7) . The amount of Al The distributions of fractional Al contamination are similar for both presolar graphite and SiC grains (Figure 8 ). The Kruskal-Wallis H-test, a non-parametric version of analysis of variance for samples that are not normally distributed, confirms the null hypothesis that the medians of the distributions are not significantly different with a nominal significance (p-value) of 0.37. A two-sample Kolmogorov-Smirnov (KS) test similarly shows that we cannot reject the null hypothesis that the SiC and graphite samples are drawn from the same distribution (p = 0.78). Since the individual contamination distributions are not significantly different, we combine them for the benefits of a larger sample size. Bootstrap resampling-with-replacement of the combined SiC and graphite contamination distribution yields a mean contamination value of 29% with a 95% confidence interval between 25% and 33%. The standard deviation of the binned data is 17% with a 95% confidence interval between 15% and 20%. The combined sample distribution has a skewness of 0.21, with a bootstrapped 95% confidence interval between −0.14 and 0.59, implying that the distribution is symmetric (p 0.45 = ; Bulmer 1979). We therefore tested whether the total Al contamination distribution was drawn from a continuous uniform distribution of contamination values, which would imply that there is no preference for a specific quantity of contamination, i.e., each grainʼs Al contamination is random and independent of other grains. We used a one-sided KS test to compare the sample distribution to uniform distributions with upper bounds varying between 0 and 1. We also examined the shape of the cumulative sample distribution (CSD) and compared it to that of a cumulative uniform distribution (Figure 9) .
The one-sided KS test is a non-parametric test of equality between a sample and a continuous one-dimensional distribution with the null hypothesis that the sample is drawn from the distribution. Uniform distributions with lower bounds at 0 and upper bounds (cutoff) varying between 0 and 1 were compared to the sample distribution. For cutoff values between 47% and 70%, the null hypothesis may be accepted (Figure 9(a) ), i.e., we cannot distinguish the presolar grain contamination distribution from a uniform distribution. Cutoff values outside of this range may be rejected with high significance.
For a uniform distribution with lower and upper bounds (0 and b) in the range [0, 1], the cumulative distribution increases linearly between 0 and b with a slope of b 1 . The CSD is fitted by a slope 1.69 line (Figure 9(b) ) which indicates that the sample distribution is drawn from a uniform distribution with a cutoff of 59%. The CSD is not biased in any direction about the linear fit, which implies that the linear fit is appropriate. The CSD does not readily match the cumulative distributions of other well-known distributions. While p-values do not indicate the probability of the null hypothesis being correct, the peak of the p-value distribution matches the cutoff value inferred from the linear regression of the cumulative distribution.
From these tests we conclude that the distribution of fractional Al contamination values is uniform up to ∼59%, implying that each grainʼs quantity of contamination is random and independent of any other grain. Figures 10(a)-(d) d intercepts. Histograms are stacked. The mean fractional Al contamination for the total distribution is 29% with a bootstrapped 95% confidence interval between 25% and 33%. There is no significant difference between graphite and SiC contamination distributions. The total distribution is best fitted by a sample drawn from a continuous uniform distribution with an upper bound at 59% (Figure 9 ). rock. The subpopulations span similar ranges of Al contamination and are not sharply peaked near any value, implying that there is no correlation between Al contamination and presolar grain type or meteorite host rock. The uniform distribution up to 59% most likely reflects an upper bound on the quantity of Al contamination, however. The addition of isotopically normal Mg contamination, which was not accounted for here, has the effect of shifting correlation points down the isochron line toward lower 27 ratios from the isochron slopes relies on the assumption of constant Al contamination throughout each grainʼs depth profile. It must be emphasized that constant Al contamination through the depth profile does not imply constant Al contamination throughout the entire grain. Still, this assumption may appear unintuitive, especially given the structural differences between SiC and graphite grains. Each isochron reported here was fitted to a correlation plot with very little scatter about the isochron line. Figure 11 ). The depth profile was split between regimes where the ion signals were increasing at different rates and where each signal had generally reached equilibrium. The effect of the changing ion signals is apparent in the isochron plot (Figure 11(b) ). In the inset, marker faces were shaded by increasing measurement time with light shading indicating early times and darker shading for later times. During the first 100 s there was a spurious correlation between the This s-shaped correlation plot was likely due to the presence of small grains on the surface of LS-6 containing smaller quantities of 26 Mg* or was due to insufficient presputtering time. For example, isotopic imaging revealed small Si-rich contaminant grains, whose Si isotope ratios match those of Mainstream SiC grains, on the surface of the large SiC X-grain "Bonanza" LU-13 (Zinner et al. 2011) . Prior measurements of LS-6 with the Cs + primary beam also implanted Cs in the grain causing positive secondary ion formation from the O − primary beam to be suppressed early in the measurement. In addition, implantation of O increases positive ion yields. The Al, Mg, and Si ion signals rose at different rates due to their different ionization energies (Figure 11(a) ), which can lead to spurious Al-Mg correlations. For example, Si has a lower ionization efficiency than Al and Al reaches a saturation value much earlier than Si. In this case, using the entire depth profile to make a 27 Al/ d axis due to Al contamination that was mixed down into the grain during ion probe measurements.
Presputtering until full ion signal equilibration can be detrimental to the analysis of small, submicron presolar grains due to the miniscule amount of material available for measurement. However, since we have observed that the rates of ionization differ for Al and Mg prior to equilibration, the entirety of the depth profiles cannot be used to correctly infer initial 27 Al/ 24 Mg ratios from either the conventional wholegrain or isochron-fitting method. In this study, care was taken to avoid fitting isochrons to data from unequilibrated depth profiles in an attempt to avoid introducing spurious correlations. Numerous depth profiles from presolar SiC grains also exhibited declining 24 
Mg
+ ion signals over the course of the measurement, an indication of decreasing Mg contamination on the grains. For these profiles we also examined the correlation Al to confirm that the isochrons did not result solely from changing 24 Mg + . These examples were not the norm for the majority of presolar grains, however, they further highlight the importance of in-depth inspections of each presolar grainʼs depth profile for the Mg-Al system prior to estimation of initial 27 Al/ 24 Mg ratios. We also inspected the distribution of the ratio of the two estimates (R = ( 27 Al/ 24 Mg) isochron /( 27 Al/ 24 Mg) whole ; Figure 12) , which qualitatively follows an exponential distribution
, where A is the amplitude and β is the scale parameter. The horizontal shift by a value of 1 results from R 1 ⩾ for all isochrons with negative Mg Mg 26 24 d intercepts, derived in the next paragraph. The distribution has a scale parameter, β, being equal to 1.2 ± 0.2 or 0.76 ± 0.02 for fits to the exponential distribution (Figure 12(a) ) and normalized cumulative exponential distribution ( e 1 Figure 12(b) ), respectively. For the exponential distribution fit, the correlation between the A and β parameters is −0.7, yielding larger estimated uncertainties for these parameters. The expectation value (mean) and standard deviation of an exponential distribution located at x = 0 is β, so the mean of the distribution in Figure 12 lies between 1.76 and 2.2. This is larger than the regression estimate of 1.46 from Figure 5 , which itself is closer to the median of the distribution, ln(2) b . Based upon the linear regression and the distribution of R values, the isochron-derived Al Al 26 27 ratios are larger than the whole-grain estimates by a factor of ∼1.5-2, on average.
From the schematic diagram in Figure 7 we derived the relationship between the isochron and mean-value slopes. Letting X Y where R g , the ratio of mean to intrinsic 27 Al/
24
Mg ratios for each individual grain, g, is linearly dependent upon X c and is always 1 ⩾ , which is apparent in Figure 12 . Substituting the fractional Al contamination, C X X m c = yields:
g = - Figure 13 (a) shows the relationship between C, the fractional Al contamination, and R, the ratio of mean and intrinsic
27
Al/ 24 Mg ratios, where the expression derived in Equation (7c) is an excellent match to the lower envelope of the R values. Many R values lie well above the derived line, however, which is partly due to the whole-grain estimates utilizing the entirety of each grainʼs depth profile and thus sampling sensitivity-biased isotope ratios. Subtracting the derived C 1 (1 ) g -from each grainʼs measured R g value yields the distribution shown in Figure 13 (b) and its cumulative probability distribution shown in Figure 13 (c). Since these distributions contain some negative values, we fitted the distribution to a versatile asymmetric Lorentzian profile: positively skewed distributions; skew = 1.9) and its good fit to the data further indicates that the underlying distribution of R values is exponential. The cumulative probability distribution for a Cauchy (Lorentzian) distribution is an arctangent, so we easily derived the asymmetric version using the same scale parameter substitution: 
+´-+ --
Exponential distributions typically describe events that occur continuously and independently at an average constant rate, such as the time interval between successive random events (Bulmer 1979) . The R distribution (Figures 12, 13 ) represents the differences between the two estimates of each grainʼs initial Al Al 26 27 ratio, which not only incorporates influences from Al contamination, which is uniformly random, but also again emphasizes the need to critically investigate each presolar grainʼs depth profile prior to inferring the presence of extinct radionuclides in order to avoid large systematic errors in their derived initial compositions.
Al contamination, assumed constant through these depth profiles, is clearly present on presolar grains' surfaces. For the smallest SiC grains, it is possible that Al impurities in the Au foil substrates on which the grains were deposited for SIMS analysis (typically >5N purity) contributed to the 27 Al + signals, as NanoSIMS raster sizes were typically larger than the grains. However, we postulate that the grains, whose surfaces were etched during the meteorite acid separation (Bernatowicz et al. 2003) trapped dissolved Al contamination from the meteorite in their etched surface grooves. Additionally, small Al-rich crystals adhered to the surfaces of presolar graphite grains have been observed with the TEM. SIMS presputtering and subsequent measurements resulted in mixing some of this contamination deeper into the grains. Given the relatively short timescale of these NanoSIMS measurements, the Al contamination might appear relatively constant across the depth profiles. One way to test this hypothesis would be to isolate and measure pristine SiC (Bernatowicz et al. 2003) and graphite grains, whose surfaces are not chemically etched and which never came into contact with dissolved Al-bearing minerals. Since SN grains have the largest Al Al 26 27
ratios, these grains would be the most diagnostic. SiC X grains typically account for only 1% of all presolar SiC grains, so a large number of pristine grains would be required to locate a large enough sample for meaningful statistics. However, due to the relatively low Mg abundances in presolar SiC grains (e.g., Hoppe et al. 1994, Figure 14) , when a characteristic Mg energy dispersive X-ray spectrum (EDXS) is detectable in the scanning electron microscope (SEM) it is often due exclusively to the presence of radiogenic 26 Mg so this may be used to rapidly locate X grains prior to NanoSIMS analyses (F. Gyngard & M. Hynes, 2015 private communication) . Pristine LD graphite grains could be isolated and concentrated via centrifugation in the density range (1.6 2.0 r < < g cm 3 -). Since presolar graphite grains are often quasi-spherical with distinct surface morphologies, correlated EDXS, secondary electron imaging, and image processing techniques could be used to automatically identify dispersed graphite grains on Au foil substrates in the SEM.
Al-rich Presolar Oxide Grains
We processed the depth profiles of 14 presolar hibonite grains from the Krymka unequilibrated ordinary chondrite (LL3.1) and one from a mixed residue of the primitive Antarctic chondrites QUE 97008, WSG 95300, and MET 00452 labeled "UOC" (Nittler et al. 2008 ). Presolar oxide grains were identified by Mg ratios. We could therefore not fit any isochron lines to these data. The presolar hibonite grain UOC-H2 does exhibit a fairly well defined isochron line (Figure 15) Al parent atoms, and would therefore presumably be more tightly bound within the crystal than in graphite or SiC. The question naturally left open is the full extent of matrix effects from the different mineral types on processes such as contamination and radiogenic isotope loss; however this lies beyond the scope of this paper.
Supernova Models
Prior to exploding as Type II SNe, massive stars have an onion-like structure, with the compositions of different shells reflecting the differing degrees of nuclear burning the material Normalized cumulative distribution with fit to a cumulative exponential distribution. The exponential distributions are shifted by a value of 1 to the right. The expectation value of an exponential distribution is equal to β plus the shift in x. Based upon the two fits, the mean value of the distribution lies between 1.76 ± 0.02 and 2.2 ± 0.2, which matches the bootstrapped 95% confidence interval shown in panel (a). We are therefore confident that the distribution can be well modeled by an exponential.
has experienced during the pre-SN evolution. Recent isotopic, microstructural, and theoretical studies (Groopman et al. 2012 (Groopman et al. , 2014 Jadhav et al. 2013; Pignatari et al. 2013; Amari et al. 2014) have concluded that the He/C and He/N SN zones (named for the most abundant chemical species, Meyer et al. 1995) are the most likely dominant sources of material that condensed to form presolar SN graphite and SiC grains, with small contributions from the much deeper Si/S zone. The He/N zone, which has experienced complete H burning, was previously assumed to be the source of high inferred initial Al Al ratios inferred < 0.16) zones of SN models with a range of initial masses (Figure 16 ), confirming the findings of previous studies (e.g., Lin et al. 2010; Jadhav et al. 2013) . Only the Ni/Fe zone in these models can reproduce the Al Al 26 27 ratios in these grains, however, the Al abundance in this zone is low. The contribution of Ni/Fe zone Al is likely to be overwhelmed by Al from the outer zones resulting in low Al Al 26 27 ratios. Furthermore, any amount of Al from the Ni core would result in large 56 Fe excesses in SiC X grains, which are not observed (Marhas et al. 2008) . In order to reproduce the presolar grain data, SN models will need to predict higher Al Al 26 27 ratios from the He/C and He/N zones and have higher 26 Al yield accuracy (Rauscher et al. 2002) . Improved SN yields of 26 Al are additionally of great importance to models of the early SS (Huss et al. 2009 ).
K-Ca and Ti-Ca Isochrons
The widespread application of isochron analysis discussed here to the Ca-K and Ti-Ca systems is complicated by a number of factors. Potassium is a volatile element and a widespread contaminant on sample mounts. The Ca-K sensitivity factor derived from Ca and K elemental abundances is therefore highly sensitive to each sampleʼs and standardʼs surface morphology. Potassium is such a widespread contaminant that, for many of the published Ca-K data (e.g., Jadhav et al. 2013), stoichiometric standards with both K and ratios from presolar SiC and graphite grain isochrons.
